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Turkey, with its annual production of 3,445,441 t, is the second largest watermelon producer after China (Anonymous 2007) . Total amount of watermelon seed production required for watermelon production in Turkey is 22,255 kg. 14,600 kg (65.6%) of this production consists of Crimson sweet cv. (Anonymous 2008) . Quality in seed production is more important than the quantity of produced seeds; it means that seed producing firms guarantee company reliability and the producers get their money's worth when each seed grow into seedling.
Even in the same growing period, watermelon seeds may have different seed coat colors (Demir et al. 2004) . It was reported that for a quality seed, watermelon fruits should be harvested 40-45 days after anthesis (Nerson 2002 , Demir et al. 2004 . In watermelon production performed by the seed producers, seeds of the fruits of different growing periods are collected and mixed. In this mixture, the seeds which are different in color are used in combination.
It was reported that seed coat affected various factors, such as water uptake by the seed (De Souza, Marcos-Filho 2001) , seed dormancy (Baskin et al. 2000) , seed quality due to color pigments in seed coat (Abdullah et al. 1991) and germination (Nerson 2002) .
I found no information in the literature on the relationship between seed coat color and seed qual-ity during seed development stage. However, the changes in seed coat colors in seed development were subjectively observed by Demir et al. (2004) with naked eye. It was reported that seeds of different colors can be found among the fruits in the same development stage.
The objective of this study was to determine a relationship between seed coat color and seed quality using watermelon seed lots, which are estimated to be in different development stages, and to determine whether this relationship can be distinguished by naked eye-judging from seed coat color in watermelon cv. Crimson sweet.
MAteriAl And Methods
The seed lots obtained from Crimson sweet watermelon fruits produced in 2008 were used in the study. Seed lots were prepared taking into consideration seed coat colors in fresh seeds with naked eye. Seed samples of prepared seed lots (1 -brown, 2 -light brown, 3 -dark yellow, and 4 -light yellow) are given in Fig. 1 . The seed moisture content of seed lots after drying process varied between 6.8 and 6.3%. Seed moisture content was determined by drying in oven (130°C, 1 h). Seed lots were kept at 5°C until utilization. The viability of seed lots was determined by a standard germination test.
To determine the quality differences between seed lots, water uptake ratio (%), seed weight, mean germination time (MGT, h), emergence percentage (%), mean emergence time (MET, day), seedling fresh weights (mg), seedling dry weights (mg), electrical conductivity values (4, 20, and 24 h, µS/cm g), and seed color values (L*, a*, b*, C*, and H°; using Minolta CR 300 colorimeter) were determined.
Twenty five seeds whose initial weights were measured were left to uptake water in moist paper in four replications at 25°C. The seeds were weighed in 1 h intervals (except between 9 p.m. and 7 a.m.). The study was ended when germination started. Amounts (%) of water uptake were calculated according to Demir et al. (2008) Seed weight (mg) was determined by weighing in precision balance (+/-0.0001 g) using 4 × 25 seeds. Standard germination test was conducted by keeping 4 × 25 seeds in germination paper (200 × 200 mm) for 14 days at 25°C. Seeds producing a 2 mm radicle were counted as germinated. In germination test 4 countings were made at every 4 h starting from 8 a.m and mean germination time was determined in h (Ellis, Roberts 1980) . Emergence test was carried out in humidity chamber in 280 × 200 × 80 mm (Ista 2003) . Mean emergence time was also determined by sprouts counting, made on daily basis. At the end of the emergence test, fresh and dry weights of the seedlings (10 seedlings × replication) cut out from peat surface were determined. To determine dry weight, the seedlings were kept at 80°C for 24 h and weighed. Electrical conductivity test was set up using 4 × 10 seeds in 40 ml distilled water at 20°C. The conductivity of seed soak water was measured after 4, 20, and 24 h using a conductivity meter (Schott-Gerate GmbH, Hofheim) and was expressed in μS/cm g. Seed lots were grouped according to their colors. Then seed colors were measured by the colorimeter (Minolta CR300). Total of 5 × 10 seeds in 3 replications were used for color measurements. The L* value indicates the changes in color brightness, a* value indicates color change from green (negative values) to red (positive values). The b* value indicates color change from yellow (positive values) to blue (negative values). H° parameter indicates hue angle value (0 -red-purple, 90 -yellow, 180 -bluish green, 270 -blue) and C* (chroma) indicates color density. To indicate the difference between seed lots, variance analysis was made in SPSS (9.05, The Predictive Analytics Company) package program. Differences between seed lots were determined by the Duncan's multiple range test at P = 0.05. Percentage values were subjected to angle transformation prior to the analysis. Correlation analysis in SPSS package program was made for color and seed qualities.
results initial seed moisture content and seed weight
Initial seed moisture content of the seed lots which were grouped according to seed coat color varied between 6.8 and 6.3%. The seed lot having light yellow seed coat (Lot 4, 39.92 mg) had the lowest seed weight, while the seed lot having brown seed coat color (Lot 1, 57.52 mg) showed the highest seed weight. Statistical analysis indicated that seed lots (excluding Lot 1 and 2) fell into statistically different groups in terms of seed weight (Table 1) .
seed coat colors in seed lots
Checking of seed lots, grouped according to seed coat colors, indicated that all color values, excluding a* value, gradually increased from dark-colored 
Water uptake ratio (%)
Water uptake ratios of seed lots were differentiated. The seed lot with light yellow seed coat (Lot 4) had the highest water uptake, while brown seed lot (Lot 1) had the lowest water uptake ratio. Fast water uptake (I. phase) was completed in all lots in 10 h. However, water uptake amounts of seed lots showed variations depending on seed coat color. In the phase II, when water uptake is slower, water uptake in dark-colored seed lots was slower (Lot 1, 48 h); water uptake was completed in the longest time in light yellow-colored lot (Lot 4, 72 h). In this phase, light yellow-colored seed lot (Lot 4) absorbed approximately 15% more water than brown seed lot (Lot 1) (Fig. 3) .
standard germination percentages and mean germination time
Initial germination percentage of seed lots decreased from dark-colored seed lot to light-colored seed lot. In seed lot 1, germination percentage was 86.5%; in seed lot 4, 37.5%. In terms of germination ratios, seed lots 1 and 2 fell into the same group, while lots 3 and 4 fell into another group. Also mean germination time increased from dark-colored seed lots to light-colored seed lots (Fig. 4) .
electrical conductivity test
Seed membrane damage of different color seed lots was investigated by recording the electrical conductivity after 4, 20, and 24 h of soaking in deionized water. Parallel to the color changes of seed lots, electrical conductivity (EC) values was found to decrease from light-colored to dark-colored seeds. The lowest EC in all three durations was found in brown seed lot (Lot 1), while the highest EC was found in light yellow seed lot (Lot 4). Seed lot 1 (brown) and 2 (light brown) fell into the same group for all three durations, while seed lot 3 (dark yellow) and 4 (light yellow) fell into different groups than lot 1 and 2 (Figs. 4 and 5) .
emergence percentage and mean emergence time (Met)
Emergence test indicated that brown seed lot (Lot 1) had the highest emergence percentage (total 77.5, normal 76.5), while light yellow seed lot (Lot 4) the lowest. Parallel to emergence percentages, mean emergence time (MET) decreased from dark-colored seed lot to light-colored lot. Light yellow seed lot (Lot 4) completed its emergence 7 days later than brown seed lot (Lot 1) ( Table 2) . 
seedling fresh and dry weight
Seedling fresh weights were found to be 978.7 mg in seed lot 1 and 245.3 mg in seed lot 4. Seeds of lighter coat color showed lower fresh weight. Dry weight of seedling changed parallel to the fresh weight. The seed lot having brown seed coat color (Lot 1) had the highest (64.7 mg) seedling dry weight, while the lot having light yellow seed coat (Lot 4) had the lowest (15.4 mg) seedling dry weight (Table 2) .
Correlation coefficients between seed coat color and vigor tests
Correlation analysis indicated a high and significant correlation between color values (excluding a*) and seed weight, germination percentage, MGT, water uptake ratio, electrical conductivity test (20 and 24 h) and seedling fresh weight tests. In addition, giving a significant correlation coefficients with 14 of 17 properties in correlation analysis, H° value was the most successful in color values. b* and C* giving significant correlation coefficients with 12 properties were the second most successful color values (Table 3) .
disCussion
It was found that in Crimson sweet watermelon seeds, there were differences in terms of seed quality in the seed lots grouped according to seed coat colors. It was found that seed lots 3 and 4 had a lower vigor than lots 1 and 2. Correlation analysis indicated that this was also related to the color differences (Tables 1, 2 , 3, and Fig. 1 ). Conductivity increased after the seeds were subjected to deterioration and seed maturation. The conductivity increased due to membrane deterioration, mitochondrial changes, chromosomal aberrations and free radicals in seed lots. As seed deterioration increased, cellular membranes lose their selective permeability, permitting the cytoplasmic metabolites to leach into the intercellular spaces. Membrane degradation occurs from both hydrolysis of phospholipids by phospholipase and phospholipids oxidation. Therefore, the studies should continue to determine suitable test conditions for electrical conductivity test of seed lots (Figs. 4 and 5) .
The effect of seed coat on germination in watermelons was analyzed in diploid (Nerson 2002) , triploid (Duval, NeSmith 2000) and tetraploid (Jaskani et al. 2004) watermelons. However, these studies pointed out to the limiting effect of seed coat on germination and proposed that seed coat should be removed. This method does not seem to be practical. For this reason, it was important to harvest the seed lots in the most suitable period in such a way to eliminate the negative effect of seed coat. Besides, seed lots having different seed coat colors should not be used in the same lot. It is possible to identify the differences in seed coat color with naked eye. These differences can also be determined using colorimeter as a simple method. In addition, it was found that H° value can be used to classify the unprocessed seeds in the same lot (Table 3 and Fig. 2) .
Seed lots of flax (Dana, Ivo 2008) and Ambrosia trifida (Sako et al. 2001) were classified according to seed coat colors using image analysis method. Based on the obtained findings, I think that this method can be applied for watermelon seed lots as well.
It is known that differences in the amount of some color pigments in seed coat result in color differences of seed coats. For example, it was found that in rapeseed, water uptake and tolerance to excessive water was significantly correlated with seed coat color and melanin pigment amount. Seed lots having red and black seed coat were found to have higher melanin pigment. In addition, colored types had a slow water uptake, low electrical conductivity value and high tolerance to slow water uptake. In yellow-colored seeds, lower melanin content and faster water uptake were observed (Zhang et al. 2006 , Zhang et al. 2008 . Nerson (2002) found that immature seeds of watermelon cv. Sugar Baby uptake more water than mature seeds, however the study presented no data on seed coat color. Water uptake ratios (Fig. 3 ) in our study were found to be similar to those of Nerson (2002) .
Consequently, the seed weight (57.22 mg), germination percentage (86.5%), emergence percentage (77.5% total and 76.5% normal), seedling fresh weight (978.7 mg) and dry weight (64.7 mg) of the brown seed lot (Lot 1) were fairly higher than those of light-colored seed lots (3 and 4). Light yellow seed lot (Lot 4) completed its emergence 7 days later than brown seed lot (Lot 1). The data show that brown seed lot (Lot 1) was more vigorous than other seed lots. For this reason, sowing of brown color seeds must be performed in more favorable soil moisture and temperature conditions compared to light-colored seed lots (3 and 4). In addition, it was found that the differences in seed coat color can be used as a quality indicator in Crimson sweet watermelon. Color values b*, C*, L*, and H° (Fig. 2) were significantly correlated with the properties used to identify the differences in seed quality (Table 3) . It was concluded that removing the seeds with the seed coat color typical to seed lots 3 and 4 would increase the quality of seeds in Crimson sweet watermelon.
